Purpose of the Study: This study is an investigation of the effect of adult day program attendance by home care clients 65 years of age and older on numbers and rates of emergency room registrations, hospital admissions, and days in hospital. Design and Methods: Each adult day program attendee was matched to a single unique nonattendee (n = 812) on the basis of similar propensity scores which had been estimated from 19 demographic, psychosocial, clinical, and functional covariates. Evaluation of the propensity-matching procedure indicated that balance had been achieved on the covariates. Results: Subsequent analyses revealed significantly lower mean 100-day rates of emergency room registrations, hospital admissions, and days in hospitals for attendees, compared to matched nonattendees. Although lower rates were largely attributable to longer stays in the home care program for attendees, attendees' mean number of days in hospital was still significantly lower compared to nonattendees. Implications: Findings replicate and extend results from previous research that reported a decreased reliance on costly health care services by seniors who attend adult day programs.
Most studies on the effects of adult day programs have focused on time to nursing home placement. Some studies found delayed nursing home placement for attendees of regular (Bell & Gilleard, 1986; Strang & Neufeld, 1990) or "enhanced" adult day programs (Gitlin, Reever, Dennis, Mathieu, & Hauck, 2006; . Paradoxically, other research found program attendance to either hasten (Hope, Keene, Gedling, Fairburn, & Jacoby, 1998; Wattmo, Wallin, Londos, & Minthon, 2011; Zarit, Townsend, & Lyons, 2000) or have no effect on nursing home placement (C. J. Gilleard, E. Gilleard, & Whittick, 1984; Diesfeldt, 1992) . It has also been reported that the relationship between adult day program and nursing home placement is complicated by other factors, such as the participant's relationship to the caregiver (Cho, Zarit, & Chiriboga, 2009) , the time point of the caregiving "career" (Gaugler, R. L. Kane, R. A. Kane, & Newcomer, 2005) , the rate of short-term cognitive decline (Wilson et al., 2007) , and the "dosage" amount of attendance (Gaugler, R. L. Kane, R. A. Kane, Clay, & Newcomer, 2003; Kelly et al., 2014; McCann et al., 2005) .
There has been some research into adult day program effects on other system-based outcomes, specifically use of emergency rooms and hospitals. For instance, Iecovich and Biderman (2013) did not observe an "offset" effect (i.e., reduction in service use) on emergency room utilization, hospitalization, and days in hospital in cognitively intact elderly adult day program attendees. However, Jones and colleagues (2011) reported that attendance in an adult day program by recently discharged older adult neurological hospital patients resulted in lower 30-day rates of readmission to hospital and fewer revisits to the emergency department (see also, Wimo et al., 1990) .
Adult Day Program Research Strategies
Studies on the effectiveness of adult day programs have used primarily randomized control (e.g., Montgomery & Borgatta, 1989) , longitudinal (e.g., Gilleard et al., 1984) , or quasi-experimental/observational designs (e.g., Gitlin et al., 2006) . In some of the observational research, attempts were made to equate the group attending an adult day program to a nonattending control group on one or more covariates. For example, in one study, a group of attendees was compared to a group of nonattendees that had been frequency matched on age group, gender, race, and level of cognitive impairment (McCann et al., 2005) . In another study, users of an adult day program were matched to nonusers on age group, gender, functional status, and physician (Iecovich & Biderman, 2013) . Still other research matched treatment and control individuals on behavior problems, levels of assistance required, and caregivers' perception of competence . The idea behind these attempts to equate treatment and control groups on important covariates was done presumably to reduce or eliminate the effect of these nuisance variables (i.e., "hidden" bias) on outcomes, thereby permitting a less biased evaluation of the effect of adult day program attendance.
In general though, causality in observational research is always qualified because one can never be certain whether an effect is due to the treatment itself or instead is due to a confounding hidden bias. Propensity-matching techniques have been developed to permit tentative causal conclusions to be drawn from observational data (Austin, 2011b; Luellen, Shadish, & Clark, 2005; Rosenbaum, 2002 Rosenbaum, , 2010 Rosenbaum & Rubin, 1983; Rubin, 2006; Stuart, 2010; Steiner & Cook, 2013) . The technique requires the computation of the likelihood, or propensity, for an individual to receive the treatment, regardless of whether or not the individual actually ever received the treatment. Individuals who received the treatment are matched to individuals who did not receive the treatment, based on similar propensities. Covariates considered critical to treatment selection and the outcomes of interest, often available in administrative and clinical data, are used to determine individuals' propensities using logistic regression. An individual's propensity score is a conditional probability, between 0 and 1, of that individual receiving the treatment given a set of covariate scores. Higher propensities indicate an increasing likelihood of receiving the treatment. Finally, to the extent that the propensity-matching procedure achieved a sufficient level of covariate equivalence (i.e., "balance") between treatment and control groups, evidence of outcome differences provides greater causal support for treatment effectiveness.
Objectives of This Research
In a recent observational study, a positive relationship was found between adult day program attendance and survival in the community before institutionalization (Kelly et al., 2014) . However, it is possible that this effect had the unintended consequence of producing higher number of contacts with other costly health care services (i.e., emergency room visits and hospitalizations), due to longer periods of time that attendees remained in the community. The present research was intended to explore the impact of extended survival in the community by adult day program attendees on numbers and 100-day rates of emergency room registrations, acute care hospitalizations, and days in hospital. The study used a propensity-matching design in an attempt to equate treatment and control groups on 19 critical covariates, found in administrative and clinical data.
Methods

Context
Fraser Health (FH) provides acute care, public and mental health services, and home, community, and residential care services to a population of approximately 1.6 million people within a large region of the southwest mainland of the Province of British Columbia, Canada. The home care program in FH provides ongoing care for those who cannot function independently due to chronic health-related problems, to give them the independence to remain at home. Individuals' entry into the home care program begins with their admission to case management and care planning services provided by a case manager, including a thorough assessment using the Residential Assessment Instrument for Home Care (RAI-HC; Morris et al., 1997) within 14 days of program admission. Once admitted to the home care program, access to other services (i.e., long-term personal home support, adult day program, and respite) is provided to the client, as needed. Discharge from the home care program terminates all services and is precipitated either by the client's need for assisted living or nursing home accommodations, a wish to no longer receive home care services (e.g., due to a move out of the FH region), or death. Over 5,500 individuals were admitted to the FH home care program in 2013; overall, approximately 14,000 individuals received home care services in that year.
At any given time, approximately 1,000 home care clients are enrolled in one of 17 FH adult day programs, and approximately 250 individuals attend on any given day. Adult day program services include health monitoring, personal care, medication management, meals, and social/recreational activities. Admissibility to an adult day program in FH is driven primarily by individuals' wishes and ability to attend, as well as by availability in the community and space in the program.
Date Frame and Subjects
Data were obtained from all community-dwelling individuals who were newly admitted to the FH home care program between July 1, 2012 and June 30, 2014, were 65 years of age or older on the date of admission, and were in the home care program for at least 90 days, N 0 = 7,390. Individuals were monitored up to September 30, 2014 (the follow-up end date).
Covariates
Total utilized hours of FH-subsidized home support services were obtained from administrative data for each individual. Utilization rates per week were estimated by dividing individuals' total hours of home support service by the number of days between the first and the most recent dates of service, then multiplying by 7. Home support guidelines permit a case manager to authorize up to 120 hr of home support per month (30 hr per week) for a client (Fraser Health Authority, 2013) . A total of 47 individuals exceeded this limit and thus were dropped from the study on the assumption that they constituted an extremely frail and atypical home care subpopulation. In addition, to eliminate the potentially confounding effects of FH-subsidized facility respite services with the adult day program treatment, a further 159 individuals who had used facility respite services were also dropped from the study.
The total number of registrations in an FH emergency room, the total number of FH hospital admissions, and the total number of days in an FH hospital were obtained from administrative data for each individual in the 180-day period prior to their home care program admission.
The following eight outcome scores were taken from individuals' initial RAI-HC assessment: Cognitive Performance Scale (CPS); Method for Applying Priority Levels (MAPLe, an index of risk for adverse outcomes); Changes in Health, End-Stage Disease, Signs and Symptoms score (CHESS, an index of clinical instability); Activities of Daily Living Self-Performance Hierarchy (ADL-SPH); Independent Activities of Daily Living Difficulty (IADL-D); Depression Rating Scale (DRS); Pain Scale (PS); and Pressure Ulcer Risk Scale (PURS). In addition, the initial assessment provided each individual's birthdate (to determine age) and sex.
The following five covariates were determined from a combination of elements from individuals' initial RAI-HC assessments (the specific assessment section and item from which the covariate was obtained is contained in square brackets): Primary caregiver burden ("present" if the primary informal caregiver expressed an unwillingness to continue in the role A total of 927 individuals had some other relative or friend as the primary caregiver. Because only about 5% of these individuals were attendees of the adult day program (approximately 95% were nonattendees), attempts to achieve balance through propensity matching were compromised. Therefore, these individuals were dropped from the study, and only individuals whose primary caregiver was a child/child-in-law or spouse were retained. Further comments on this design strategy are deferred to the Discussion section. The final analytical data set consisted of N 1 = 6,257 individuals.
All covariates were treated as interval variables except sex, primary caregiver burden, dementia, lived alone, and primary caregiver relationship, which were considered nominal variables. 
Treatment and Control Conditions
The treatment condition consisted of all individuals who attended an FH-subsidized adult day program at any time during their home care episode (n T = 812). There was considerable variability in program duration and frequency of attendance: averages (and SDs) were 8.6 (6.68) months of attendance at 1.7 (1.75) days per week.
The control condition consisted of all individuals who did not attend an FH-subsidized adult day program at any time during their home care episode (n C = 5,445). Figure 1 summarizes the filtering conducted to arrive at the final analytical data set and assignment to conditions.
Outcomes
The total number of registrations in an FH emergency room, the total number of FH hospital admissions, and the total number of days in an FH hospital were obtained from administrative data for each individual during their home care episode. Each of these three totals was divided by the number of days in the home care episode, then multiplied by 100 to produce 100-day rates for each outcome.
Duration of the home care episode was defined as the number of days between admission to the home care program and the date of the earliest "critical" event (i.e., admission to an assisted living or nursing home facility or death), the date of discharge from the program if no critical event had occurred, or the follow-up end date if the individual was still in the program at that time (i.e., censoring). Days in the home care program were used to estimate survival in the community. Survival time data for individuals still active in the home care program at the follow-up end date were censored.
Propensity Score Matching
Binary logistic regression was used to estimate propensity scores by regressing the 19 covariates on the condition variable. Next, each individual in the treatment condition was matched to the control individual nearest in propensity score (i.e., "nearest-neighbor" matching). Matching to individuals in the treatment condition proceeded from those with the highest propensity scores to those with the lowest (i.e., "greedy" matching), and each treatment individual was matched to a single control individual (i.e., "one-to-one" matching) who was unique (matching "without replacement"). The matching procedure was implemented with the MatchIt package (Ho, Imai, King, & Stuart, 2011) in the open-source R statistical programming application (version 3.1.2, "Pumpkin Helmet"; R Development Core Team, 2008) . Parameters used in the MatchIt package were: method = "nearest"; distance = "logit"; ratio = 1; m.order = "largest"; replace = FALSE.
Analysis Plan
Use of null hypothesis statistical tests to evaluate covariate balance is not recommended (Imai, King, & Stuart, 2008) , so balance in the present study was assessed using three diagnostics suggested by (Stuart, 2010 ; also see Rubin, 2001 Rubin, , 2007 : (a) the absolute standardized difference, that is, the absolute difference between the two conditions in means (or percentages) on the propensity score and each of the covariates divided by the pooled SD for the treatment and the unmatched (Rosenbaum, 2010, p. 188) control conditions on that variable; (b) the ratio of the variances of propensity scores in the two conditions; and (c) for interval covariates, the ratio of the variances of the residuals in the two conditions after regressing the covariate on the propensity score.
Acceptable balance on a covariate is obtained when the first diagnostic is close to zero (and no more than 0.25 SDs above zero) and the second and third diagnostics are close to 1 (Rubin, 2001) . A lower-to-higher variance ratio between 0.8 and 1.0 represents "good" balance, less than 0.5 represents "bad" balance, and anything between is "of concern." Covariate balance was evaluated both before and after the propensity-matching procedure.
Outcome Analysis
The treatment effect was analyzed with a matched-pair design. According to (Austin, 2008 (Austin, , p. 2040 , matched pairs over the treatment and control conditions should be considered as related (i.e., nonindependent) samples. Thus, a Wilcoxon signed-rank test statistic (W) for dependent samples was used to evaluate differences between conditions in numbers and 100-day rates of emergency room registrations, hospital admissions, and days in a hospital during the home care episode. It is important to recognize that because lower numbers and rates were predicted in the treatment than in the control condition, W (i.e., the sum of positive ranks) was expected to transform to a negative Z deviate.
The number of days in the home care episode in the two conditions was compared with a paired-sample t test. The proportions of individuals in the two conditions that fell in each of the categories of outcomes by the end of the follow-up period (i.e., assisted living, nursing home, death, discharged, and still in home care) were compared using the marginal homogeneity (i.e., extended McNemar) test. Finally, the numbers of days to the first critical event in the two conditions were estimated by Kaplan-Meier survival curves, and the stratified log-rank χ 2 statistic, appropriate for nonindependent matched pairs (Austin, 2011a, p. 125) , was evaluated with numbered pair (1-812) as the stratification variable.
Results
A significance level of α = .01 was adopted for each statistical test. Analyses were conducted in R ver. 3. 
Balance Before Matching
The first and second data columns of Table 2 display descriptive statistics (means, SDs, and percentages) on the propensity score and covariates for the 812 individuals in the treatment condition and the 5,445 individuals in the unmatched control condition, respectively. The third and fourth data columns present the results of the diagnostic balance tests.
The diagnostics provided substantial evidence of covariate imbalance. The absolute standardized differences for propensity score, 9 of the 14 interval covariates and 3 of the 5 nominal covariates were more than 0.25 SDs above 0; the averages were 0.26 and 0.30 for the interval and nominal covariates, respectively. Also, 9 of the 15 variance ratios fell within the 0.50-0.80 "of concern" range and one fell below the 0.50 "bad" cutoff. The average variance ratio was 0.73. Clearly, diagnostics demonstrated a lack of balance on the propensity score and most of the 19 covariates.
Compared to nonusers of adult day program, attendees had proportionately fewer females and more individuals with dementia. Attendees were less likely to live alone and their caregivers were more likely to be a burdened spouse. For propensity score, variance ratio = the ratio of the variances of propensity score in the Treated and Control conditions; for all other covariates, variance ratio = ratio of the variances of the residuals in the Treated and Control conditions after adjusting for the propensity score. Attendees were slightly younger and clinically more stable (as measured by CHESS, PURS, and PS) with greater ability to self-manage personal care (as measured by ADL-SPH), but at a slightly greater risk of institutionalization (as measured by CPS and MAPLe). Nonattendees had more chronic disease (as measured by the chronic disease score) and were greater users of home support (as measured by home support utilization rate). In the 180-day period prior to home care program admission, eventual users of adult day programs had fewer registrations in emergency rooms, fewer admissions to hospital, and fewer total days in hospital compared to eventual nonusers.
Balance After Matching
The final three data columns of Table 2 display descriptive statistics for the 812 propensity-matched individuals in the control condition and the results of the diagnostic balance tests. The absolute standardized difference diagnostic for propensity score, all 14 interval covariates and all 5 nominal covariates were either 0 or very near 0, and the average was 0.03 for both the interval and nominal covariates. Compared to before matching, all but three of the variance ratios had improved and were closer to one. The only exceptions were emergency room registrations in the 180-day period prior to home care program admission and CPS (both which had actually dropped slightly and were still well below 1.0) and IADL-D (which had also dipped slightly but was still very near 1.0). Nevertheless, the average variance ratio, 0.86, had improved from before matching, none of the variance ratios fell below the "bad" cutoff, and only four were in the "of concern" range. Evidently, excellent balance on the propensity score and on 15 of the 19 covariates, and acceptable balance on the remaining four, had been achieved through the matching procedure. In other words, the propensity score model appeared to be "adequately specified" (Austin, 2011b) . Table 3 contains descriptive outcome data for the treatment and matched control conditions and the results of the statistical comparisons. The percentage distribution over the various events differed between the two conditions, Z = 5.88. A greater percentage of individuals were censored in the treatment condition, whereas in the control condition, greater percentages of individuals had experienced a critical event (i.e., admission to an assisted living or nursing home facility or death) or had been discharged from the home care program before the followup end date.
Outcomes After Matching
Conditions differed significantly in all three 100-day rates: emergency room registrations (Z = −3.75), hospital admissions (Z = −4.89), and days in hospital (Z = −4.27). Although conditions did not differ in numbers of emergency room registrations or hospital admissions, matched controls spent significantly more days in hospital than their treatment pairs (Z = −2.79).
The treatment condition had a significantly greater mean number of days in the home care program than the matched control condition, t(811) = 11.35. Finally, the Kaplan-Meier analysis revealed a significantly greater survival in the treatment than in the control condition, χ 2 (1) = 48.20 (see Figure 2) .
Discussion
The present observational study is consistent with results of previous investigations into the effects of adult day programs on system-based outcomes in elderly individuals. In previous research, attendance in adult day programs (and "enhanced" programs) was shown to delay placement in a nursing home (Bell & Gilleard, 1986; Gaugler et al., 2003; McCann et al., 2005; Strang & Neufeld, 1990) or a longterm care institution (Kelly et al., 2014) . In the present study, the critical event for day program attendees (admission to an assisted living facility or nursing home or death) was similarly delayed.
In addition, this study extends the findings of some earlier adult day program investigations. In previous research, attendance resulted in lower 30-day rates of readmission to hospital and fewer revisits to the emergency department (Jones et al., 2011) and less use of "short-term" institutional care (Wimo et al., 1990) . In the present study, individuals who attended adult day programs had lower 100-day rates of emergency room registrations, hospital admissions, and days in hospital during the home care episode. Lower rates were largely due to longer stays in the home care program by attendees.
Of note though, longer stays in the home care program compared to matched nonattendees did not simply translate into similar or greater numbers of days in hospital distributed over a longer period of time. Specifically, attendees not only had significantly lower 100-day rates of hospital days, they also had significantly lower numbers of hospital days. In fact, the mean number of days in hospital during the home care episode in the matched control group (8.52) was 61.7% longer than in the treatment group (5.27), despite the fact that the mean number of days in the home care program for the matched controls (311.4) was only 74.6% the length of that in the treatment condition (417.3). The difference in overall number of hospital days while in the home care program in the present study is disquieting-4,279 for the treatment condition compared to 6,918 for the matched control condition.
It is of further note that the significant difference in number of hospital days was not matched by differences in the numbers of hospital admissions or emergency room registrations. Evidently, over the duration of the home care episode, attendees and nonattendees registered in emergency rooms and were admitted to hospital equally often, albeit at different 100-day rates. However, once admitted to hospital, lengths of stay were significantly shorter for attendees. Recall, individuals in the treatment condition came into contact with adult day program staff an average Figure 2 . Seven hundred and fifty-day survival functions for treatment (grey) and control (black) conditions after matching. of 1.7 days per week. Perhaps because of the enhanced visibility among health care professionals, it may have been more likely that problematic issues for an attendee would be identified earlier. An individual could then be directed to an emergency room or hospital before their issue became severely acute, thereby preventing an extended hospital stay. By comparison, nonattendees lacked this extra exposure to health care professionals. Consequently, an individual may have delayed a needed trip to an emergency room or hospital until absolutely necessary, possibly after an acute condition became even more serious and required a longer hospitalization period. Whether or not this mechanism is responsible for the reduced days in hospital for adult day program attendees requires further study.
Results of the present study may be reconciled with those of Iecovich and Biderman (2013) , who found that use of adult day program in Israel did not "offset" utilization of other health care services. According to those authors, adult day programs in Israel focused mainly on meeting the social needs of participants. By contrast, adult day programs in FH attended to clients' primary health and rehabilitative care needs, as well as to their psychosocial needs. The additional focus in orientation may be responsible for the observed reduction in health care service utilization in the present study but not in the Israeli study.
Another interesting contrast between that study and the present research was the living situations of day program attendees and the unmatched nonattendees. In the former study (Iecovich & Biderman, 2013) , more attendees than nonattendees were unmarried and lived alone. In the present study, the very opposite appeared to be the case-prior to matching, attendees were almost twice as likely to have a spouse as the primary caregiver (48.0% vs. 27.8%) and were about half as likely to live alone (17.6% vs. 36.5%), compared to unmatched nonattendees. The confounding effects of marriage status and living situation were removed in the present propensity-matching procedure but remained in the Israeli study. These confounds may have been partly responsible for the absence of an adult day program effect on utilization of health care services in the Iecovich and Biderman study.
The relationship of an informal caregiver to a home care client appears to be an important factor on whether or not an individual will even attend an adult day program. Recall, to simplify the propensity-matching procedure in the present study, data for a considerable number of individuals whose primary caregiver was not a spouse or child/ child-in-law were dropped (viz., 927; see Figure 1 ). The primary caregiver was a friend or other relative for these omitted individuals, and over 95% of them were nonattendees of adult day programs. Evidently in FH at least, there is a sizable subpopulation of elderly individuals with a friend or other relative as the primary caregiver, who for some reason are unlikely to come into contact with adult day programs. This, despite the possibility that attendance might provide significant benefits to them and the health care system, in terms of enhanced survival in the community and reduced rates and numbers of contacts with costly services. This finding presents a challenge for clinicians to raise awareness amongst individuals of this subpopulation to the potential benefits of the adult day program. It also presents a challenge for researchers to investigate the scope of this observation and to understand the mechanisms that appear to prevent this subpopulation from attending and potentially benefitting from adult day programs.
Limitations
The main limitation of propensity-matching procedures is that only known and accurately measured covariates can be used to estimate propensity scores. Thus, propensitymatching cannot guarantee equivalence between conditions on unknown or poorly measured covariates. In other words, the success of the procedure is based on the so-called "strongly ignorable" assumption (Rosenbaum & Rubin, 1983) , that is, that all covariates related to treatment assignment have been successfully modeled by the propensity score. Short of the strongly ignorable assumption, systematic differences on unmeasured covariates can never be completely ruled out as the cause of outcome differences.
To reduce the likelihood that unknown covariates confounded treatment assignment in the present study, a large and broad set of key covariates from multiple domains were used-demographic, psychosocial, clinical, and functional. Moreover, balance was confirmed on those covariates after the matching process was complete. It should be noted as well, unknown covariates are often correlated with known covariates. Thus, matching on propensity scores will also tend to match on unknown but correlated covariates (Stuart, 2010, p. 3) .
Hidden bias from other potential unmeasured covariates was further addressed by precisely defining the study population for whom adult day programs are actually designed-viz., elderly people living in the community who are reasonably functional and well supported. Accordingly, data from individuals who did not fully meet these specifications were discarded-that is, those in the home care program for less than 90 days, extremely high users of home support services, users of respite services, and those without a spouse or child/child-in-law as an informal caregiver. It seems intuitively reasonable that individuals in these excluded subpopulations would be more frail and unstable, less likely to use adult day services, and more likely to use emergency rooms and hospitals or experience a critical event. Hence, excluding their data presumably attenuated much of the hidden bias that may have been due to these factors. And although these exclusions admittedly limit the generality of the findings, the reader is reminded that the analytical data set used in the present study is largely representative of the majority of FH home care clients.
Two covariates appeared to remain unbalanced, even after matching. However, even random assignment does not guarantee that treatment and control conditions will be balanced on all covariates. In fact, even in a completely randomized experiment, the treatment and control group will differ significantly at α = .05 on one out of every 20 covariates. Moreover, in some instances, propensity matching will produce even better balance on measured covariates, compared to random assignment (Rosenbaum, 2010, pp. 188-190) .
Conclusion
Propensity scoring and matching is a useful methodology to investigate the effects of a treatment where random assignment to conditions is unethical or impossible. The present study employed a propensity-matching procedure using retrospective administrative data to explore the effects of adult day program attendance on community-dwelling seniors enrolled in the FH home care program. Compared to nonattendees, attendees demonstrated better results for days in hospital; stays in the home care program; and 100-day rates of emergency room registrations, hospital admissions, and days in hospitals. To the extent that the strongly ignorable assumption is tenable in this observational study, attendance at adult day programs appears to have favorable effects on these outcomes.
